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Purpose: Although previous research has identified factors that may determine willingness to 
participate in research, relatively few studies have attempted to quantify the impact non-
participation may have on exposure-disease associations.  The aims of this study were to: (a) 
investigate the associations between smoking, alcohol, diabetes, obesity and socioeconomic status 
and the risk of colorectal cancer in a case-control study (59.7% and 47.2% response fractions 
among cases and controls respectively); and (b) perform sensitivity analyses to examine the 
possible influence of non-participation. 
Methods: Logistic regression was used to estimate the exposure-disease associations. We then 
investigated the associations between various demographic and health factors and the likelihood 
that an individual would participate in the case-control study, and then performed two sensitivity 
analyses (sampling weights and multiple imputation) to examine whether non-participation bias 
may have influenced the exposure-disease associations.  
Results: The exposures alcohol, smoking and diabetes were associated with an increased risk of 
colorectal cancer. We found some differences between cases and controls when examining the 
factors associated with participation in the study, and in the sensitivity analyses the exposure-
disease associations were slightly attenuated when compared with those from the original analysis. 
Conclusion: Non-participation may have biased the risk estimates away from the null, but 
generally not enough to change the conclusions of the study. 
List of abbreviations: AOR, adjusted odds ratio; BMI, body mass index; CI, confidence 
interval; CRC, colorectal cancer; OR, odds ratio; RR, relative risk WA, Western Australia; 
WABOHS, Western Australian Bowel Health Study. 
 3 
INTRODUCTION 
Response rates in epidemiological studies have declined over the last few decades [1-3].   Non-
participation in epidemiologic studies reduces precision, increases costs and may introduce 
selection bias, if the factors related to non-participation are directly or indirectly associated with 
both the exposure and the outcome. Although previous research has identified several factors that 
may determine willingness to participate in research studies, including sex, socioeconomic status 
and age [1], relatively few studies have attempted to quantify what impact non-participation may 
have on exposure-disease associations [4, 5]. 
 
In this study we used data from a case-control study and linked administrative datasets to: (a) 
determine the associations between demographic, socioeconomic and medical factors and the 
likelihood of participation in a case-control study of colorectal cancer (CRC); (b) determine the 
associations between various lifestyle-related exposures (alcohol intake, tobacco use, body mass 
index (BMI) and diabetes), socioeconomic status and the risk of CRC; and (c) undertake two 
sensitivity analyses (weighting and multiple imputation) to examine whether non-participation 
bias may have influenced the associations found.  Diabetes, smoking, alcohol and obesity are 
established risk factors for CRC [6-12], while the evidence concerning socioeconomic status and 
CRC risk is inconsistent [13].  
 
MATERIAL AND METHODS 
The Western Australian Bowel Health Study (WABOHS) 
The Western Australian Bowel Health Study (WABOHS) was a population-based case control 
study of CRC that was conducted in Western Australia (WA) in 2005-2007 [14, 15].  Cases were 
 4 
males and females, aged between 40-79 years at the time of diagnosis, with a histopathologically 
confirmed incident CRC that was diagnosed and notified to the WA Cancer Registry between 
June 2005 and August 2007.  Controls with no prior history of CRC were randomly selected 
from the WA electoral roll every three months to coincide with the recruitment of the cases (i.e., 
incidence-density sampling). They were frequency-matched for sex and five-year age group, 
based on the approximate distribution of five-year age-group and sex among incident cases of 
CRC in Western Australia in 2002. A total of 1538 eligible cases and 2163 eligible controls were 
invited to take part in the WABOHS, of whom 918 cases (59.7%) and 1021 controls (47.2%) 
participated. Ethics approval for the WABOHS was obtained from ethics committees at The 
University of WA and the WA Department of Health. 
 
Exposure Measurement 
Data from the cases and controls who participated in the WABOHS were collected via two self-
administered questionnaires.  Data on alcohol consumption and diet 10 years ago were obtained 
using a food frequency questionnaire [16].  Questions regarding alcohol intake included the number 
of glasses per day of total alcohol and frequency of consumption of beer, wine, fortified wines and 
spirits and liquors.  Weekly intake of alcohol (grams) was calculated from these questions.  Total 
alcohol intake was categorised as less than 1, 1 to 6.9, 7 to 20.9, and 21 or more standard drinks per 
week, where one standard drink is equivalent to 10 grams of alcohol.  Full-strength beer intake and 
wine intake were classified according to frequency of consumption, and were categorised as less 
than one day per week, one to four days per week, and five or more days per week. The food 
frequency questionnaire also allowed estimates of energy intake (kilojoules per day, excluding 
alcohol) ten years ago. Participants were also asked to complete a lifetime recreational physical 
 5 
activity questionnaire, from which we created variables for lifetime moderate-intensity physical 
activity, lifetime vigorous-intensity physical activity and lifetime total physical activity (moderate- 
and vigorous-intensity physical activity combined) [14]. 
 
Based on self-reported data, participants were categorized as having diabetes, high blood sugar level, 
or neither.  Participants were also asked to record their height, as well as their weight one year ago, 
at ages 20, 40 and 60 years, and their maximum weight (excluding during pregnancy). Based on 
these data, BMI at ages 20 and 40 was calculated and categorized according to World Health 
Organization guidelines. For smoking, participants were asked if they had smoked more than 100 
cigarettes, pipes or cigars in their life.  If they answered yes, they were asked a series of questions, 
including the number of cigarettes per day they usually smoked, and the number of years in total that 
they had smoked. The following smoking metrics were used for analyses: never smoker/former 
smoker/current smoker at the time of completing the survey; and pack-years of smoking. 
 
Information on Participants and Non-Participants 
All eligible cases and controls were linked to the electoral roll and the hospital morbidity data 
system by Data Linkage Branch within the WA Department of Health to obtain five-year age-
group, sex, residential postcode, and hospitalisations between 2000-2007. The probabilistic 
matching procedures used to link individuals have been estimated to be 99.9% accurate [17]. We 
were able to consider the effect of following factors on response to the case-control study: age; 
sex; geographic accessibility/remoteness; socioeconomic status; comorbidity; hospitalisation at 
the time of invitation; and hospitalisation in the last five years.   
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Socioeconomic status and accessibility/remoteness were both based on residential postcode.  
Participants were categorised into five groups of socioeconomic status using deciles of the Index 
of Relative Socio-Economic Disadvantage from the Socio-Economic Indexes for Areas [18].  
Accessibility/remoteness was categorised as highly accessible, accessible or moderately 
accessible, and remote or very remote, based on the Accessibility and Remoteness Index of 
Australia [19].  Comorbidity was based on hospitalisation data and was determined using the 
Charlson Comorbidity Index [20]. For controls we included all hospitalisations (for any reason) 
in the past five years prior to the date of invitation to the study, while for cases we included all 
hospitalisations (for any reason) in the five years prior to three months before the date of CRC 
diagnosis.  The Charlson Comorbidity Index was categorised as zero, one, two, or three or more.  
In addition, participants were classified as having been hospitalised for any reason or not during 
this five-year period, and they were also classified as having been in or not in hospital at or 
around the time they were invited to take part in the study (i.e., in the four months preceding the 
date the study invitation letter was sent). Finally, participants were classified as having been 
hospitalised or not in the five years prior to being invited to take part in the study (or five years 
prior to three months before the date of CRC diagnosis for cases) for each of cardiovascular 
disease, diabetes/renal disease, liver disease, cancer, or chronic obstructive pulmonary disease. 
These variables were only used in the imputation procedure in the second sensitivity analysis. 
 
Histopathological information about the CRC of all eligible cases was obtained from the WA 
Cancer Registry.  Cancer site was classified as proximal colon, distal colon, and rectum. Grade 
was categorised as low, moderate, high and unknown, while CRC surgery type was categorised 
as total/subtotal colectomy/proctocolectomy, rectosigmoidectomy/proctectomy, anterior 
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resection/hemicolectomy, limited excision, and other/unknown procedures.  Stage data are not 
routinely collected so were unavailable. 
 
Data analysis 
Associations between the risk of CRC and smoking, alcohol intake, BMI, diabetes status, and 
socioeconomic status 
For the original analysis, logistic regression was used to estimate the associations between the risk 
of CRC and smoking status, total alcohol intake, BMI at 20 years of age and 40 years of age, 
diabetes status, and socioeconomic status. All models were adjusted for age-group and sex 
because of the frequency matching.  Smoking, alcohol, obesity, diabetes and socioeconomic status 
were all mutually adjusted for each other, and the multivariable model was additionally adjusted 
for lifetime vigorous physical activity and energy intake. Subsequent models replaced total alcohol 
intake with beer consumption and wine consumption, and smoking status with pack-years. 
 
BMI at ages 20 and 40 years was missing for approximately 9% of participants, so these two 
variables were imputed using multiple imputation by chained equations [21].  The imputation 
procedure included height, all the weight variables listed above, and all other exposure, covariate 
and outcome variables in the original analysis. Ten datasets were added in the imputation 
procedure.  There were no meaningful differences between the results of these imputed analyses 
and the results of analyses from a dataset containing only the 1618 participants with complete data 




Factors associated with participation in the WABOHS 
Modified Poisson regression was used to estimate the relative risk (RR) of participation associated 
with sex, age, socioeconomic status, remoteness/accessibility, hospitalization in the last five years 
or at the time of invite, comorbidity, and, for cases only, cancer grade, cancer site and surgery type 
[22].  Modified Poisson regression is an alternative to logistic regression when the outcome is 
common, and provides a direct estimate of relative risk [22]. Cases and controls were analysed 
separately.  All variables were mutually adjusted.  Trend tests were conducted by entering ordinal 
categorical variables into the model as continuous variables.  We tested whether there were any 
significant interactions (i.e., p<0.05) between sex or age and the other variables, or between each 
other, however none were observed. 
 
Sensitivity analyses to examine the possible influence of non-participation  
We performed two sensitivity analyses - inverse probability weighting and multiple imputation - 
to investigate the possible influence that non-participation may have had on the associations 
between the risk of CRC and smoking, alcohol intake, BMI, diabetes status, and socioeconomic 
status. Both sensitivity analyses rely on the assumption that the missing data are missing at 
random (i.e., “any systematic difference between the missing values and the observed values can 
be explained by differences in observed data” [23].    
 
In the first sensitivity analysis, the modified Poisson regression models outlined above were used 
to predict the likelihood that each eligible individual would take part in the WABOHS 
(separately for cases and controls).  The inverse of the predicted likelihood of participation was 
then used to weight the data in the original logistic regression model examining the associations 
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between the risk of CRC and smoking, alcohol intake, BMI, diabetes status, and socioeconomic 
status. This analysis only involved individuals who took part in the case-control study, and 
participants who were predicted to be less likely to take part in the case-control study were 
weighted more heavily in the exposure-disease analysis. 
 
The second sensitivity analysis involved using multiple imputation by chained equations to 
impute the ‘missing’ exposure and covariate data for the non-participants [21, 24, 25]. Multiple 
imputation involves the creation of multiple different plausible imputed datasets, thus allowing 
for uncertainty about the missing data, then combining the results from each dataset [23]. All the 
available participant/non-participant variables were included in the multiple imputation 
procedure. The outcome variable (case or control) was expanded to include CRC site (i.e., 
control, proximal colon cancer case, distal colon cancer case, rectal cancer case). We also 
included variables that indicated if a person had been hospitalised for each of cardiovascular 
disease, diabetes/renal disease, liver disease, cancer, and chronic obstructive pulmonary disease, 
as we thought that including these variables may result in better prediction of smoking, alcohol 
consumption, obesity and diabetes in the non-participants. The exposure and covariate data from 
the participating cases and controls were also included in the imputation procedure, as were total 
and moderate lifetime physical activity, height, weight (one year prior to the time of study 
completion, at age 60 years, and maximum), and education level. Fifty imputations were 
performed. Height, weight, alcohol intake, pack-years of smoking were imputed as continuous 
variables, and categorised (as body mass index for height and weight) following the imputation 
procedure. Energy intake was imputed as a continuous variable, lifetime physical activity was 
imputed as an ordinal variable, and diabetes status was imputed as a nominal variable. Following 
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the imputation procedure, logistic regression was used to investigate the exposure-disease 
associations in this imputed dataset, with the same model used in the original analysis. 
 
As information on socioeconomic status was available for all participants, we also calculated the 
age- and sex-adjusted odds ratio for the association between socioeconomic status and CRC risk 
using only the participants included in the original analysis, and then again with the non-
participants in addition to the participants included in the original analysis. 
 
Linked data were not available for three cases so these participants were not included in any 
analyses, giving a total sample size of 1536 cases and 2163 controls for the analysis 
investigating the associations between demographic, socioeconomic and medical factors and the 
likelihood of participation in the case-control study.  A total of 82 participants were excluded 
from the exposure-disease analyses as they reported very low energy intake (fewer than 500 
kcal/day for women and 800 kcal/day for men) or very high energy intake (more than 3500 
kcal/day for women and 4000 kcal /day for men) [26].  A further 10 participants were excluded 
from the exposure-disease analyses due to missing data on multiple covariates, giving a sample 
size of 1844 (872 cases and 972 controls) in the original analysis and the weighted sensitivity 
analysis and 3607 (1493 cases and 2114 controls) in the imputed sensitivity analysis.  Stata 13.1 







Factors associated with participation 
For cases, participation was more likely among males, people from areas with higher 
socioeconomic status, and people with no comorbidity (Table 1). For controls, participants aged 
50 years and older and participants who had been hospitalised in the last five years were more 
likely to participate, while those from the most disadvantaged areas and with greater comorbidity 
were less likely to take part. 
 
Associations between alcohol, smoking, BMI and diabetes and the risk of CRC 
The distribution of the exposures and covariates in the participants in the case-control study are 
shown in the Table in Online Resource 1. For total alcohol consumption, consumption of 21 or 
more standard drinks per week ten years ago was associated with an elevated risk of CRC 
compared with consumption of less than one standard drink per week, although this was not 
statistically significant (Adjusted Odds Ratio (AOR)=1.25, 95% Confidence Interval (CI)=0.94-
1.67) (Table 2).  Participants who reported drinking beer on 5 or more days per week ten years 
ago had a significantly increased risk of CRC compared with those who reported drinking beer 
less than once per week (AOR=1.50, 95% CI=1.90-2.07).  For wine consumption ten years ago, 
participants who drank wine on one or more days per week had a non-significant increased risk 
of CRC compared with participants who reported drinking wine less than once per week.  The 
risk estimates from the weighted sensitivity analyses for total alcohol, beer consumption and 
wine consumption were similar to those from the original analysis, while the risk estimates for  
beer consumption and wine consumption attenuated by approximately 10% in the imputed 
sensitivity analysis.  
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Former smokers had a 24% higher risk of CRC than never smokers (AOR=1.24, 95% CI=1.01-
1.53), but current smoking was not associated with CRC risk (Table 2).  A significant dose-
response relationship was found between pack-years and CRC risk (Ptrend=0.049), with 
participants who had smoked for the equivalent of 20 or more pack-years having a 27% higher 
risk of CRC than never smokers (AOR=1.26, 95% CI=1.00-1.60).  As with alcohol 
consumption, similar risk estimates were observed in the weighted sensitivity analysis, and 
attenuated (by approximately 10%) risk estimates were observed in the imputation sensitivity 
analysis. 
 
BMI at ages 20 and 40 years were not significantly associated with CRC risk in the original, 
weighted or imputed analyses (Table 2). 
 
Participants with diabetes had a 74% increased risk of CRC compared to participants without 
diabetes or high blood sugar levels (AOR=1.74, 95% CI=1.28-2.35) (Table 2).  A significant 
association remained in the weighted and imputed sensitivity analyses, although the risk 
estimates decreased by 4% and 21% respectively. 
 
In the age- and sex-adjusted original analysis, residing in the most disadvantaged areas was 
associated with non-significant 39% increased risk of CRC compared with participants in the least 
disadvantaged areas (OR=1.39, 95% CI=0.96-2.01) (Table 3).  Inclusion of the non-participants led 
to a 17% decrease in the risk estimate (OR=1.15, 95% CI=0.79-1.68).  The fully adjusted risk 
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estimates in the weighted and imputed sensitivity analyses were also much closer to the null than 
those from the age- and sex-adjusted and fully adjusted original analyses. 
 
DISCUSSION  
In this population-based case-control study we found that alcohol consumption (particularly beer 
consumption), smoking and diabetes were significantly associated with an increased risk of CRC. 
Although we found some differences between cases and controls when examining the factors 
associated with participation in the study, weighting the exposure-disease analysis according to the 
modelled likelihood that a person would take part in the study had minimal influence on the 
results, although the risk estimates were slightly attenuated. Imputing the ‘missing’ exposure and 
covariate data for the non-participants resulted in greater attenuation of the risk estimates, but 
generally not enough to change the conclusions of the study, with the exception of the results 
concerning wine consumption and tobacco use. 
 
Our results concerning CRC risk and smoking, alcohol and diabetes are similar to previous 
findings, with recent meta-analyses providing strong evidence that these exposures are associated 
with increased risk [11, 27-29].  A possible association between socioeconomic status and CRC 
risk was found in our original analysis, but the risk estimate for the lowest versus highest 
socioeconomic status attenuated in the weighted and imputed sensitivity analyses, as well as in 
age- and sex-adjusted analyses including all the participants and non-participants.  Previous 
research regarding socioeconomic status and CRC risk is inconsistent, with studies from North 
America generally finding a higher risk of CRC among lower socioeconomic groups and studies 
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from Europe and Australasia generally finding a lower risk among lower socioeconomic groups 
[13]. 
 
The results of the sensitivity analyses are broadly consistent with the results of other case-control 
studies that have investigated the influence of selection bias, which have generally found that 
non-participation does not have a large influence on risk estimates obtained in exposure-disease 
analyses.  For example, two studies that used sampling weights based on data available for all 
participants and non-participants obtained similar risk estimates in weighted and unweighted 
analyses of the associations between renal cell carcinoma risk and smoking and hypertension 
respectively [30, 31].  Wigertz et al. linked non-participating cases and controls to central 
registries to obtain information about socioeconomic factors such as income level and working 
status, and their analyses indicated that non-participation did not have a large influence on the 
associations between these socioeconomic factors and the risk of brain tumour [32].  However 
Lopez et al. using sampling weights, found that non-participation may have biased some of the 
results in a case-control study of periodontitis [33].  Pandeya et al  used data from a national 
health survey to impute smoking status and BMI for non-participating controls, and found 
modest changes in risk estimates for the association between these exposures and oesophageal 
and ovarian cancers [5].  Several other studies that have collected exposure data from a subset of 
non-participants to examine the possible influence of non-participation have also generally 
found that selection bias resulting from the variables considered was not likely to have had a 
large effect on risk estimates [34-37].  
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Although it is generally thought that females are more likely than males to take part in research 
studies [1], we found that male cases were more likely to participate in the case-control study than 
female cases.  This is in contrast to previous studies of cancer cases, which have found no 
difference in response by sex [32, 38-40], or that female cancer cases are more likely to participate 
[41, 42].  One study also found that male cancer patients were more likely to participate than 
female cancer patients however [43], and a further study in colon cancer cases found a higher 
response among males than females [44].  Our finding that age did not influence the likelihood of 
participation among cancer cases is consistent with previous literature [32, 36, 39, 43, 45, 46], 
although some studies of cancer patients have found that younger age groups (younger than 30 to 
40 years) and/or older age groups (older than 80 years) may be less likely to participate [38, 41, 
42, 47].  In keeping with previous research, we found that higher socioeconomic status was 
associated with increased response in both cases and controls [1, 40, 41, 48]. 
 
This study had several limitations that should be taken into account.  Recall bias is a possible 
explanation for the positive associations observed in this study, although our results are consistent 
with those of cohort studies, which do not suffer from this type of bias. Another limitation of this 
study was the potential for misclassification in the assessment of diabetes, BMI, alcohol 
consumption, smoking and other risk factors, as participants were asked to recall these data from 
10 years earlier or at different ages over their lifetime.  
 
With regards to the sensitivity analyses, although we were able to obtain comorbidity data for both 
participants and non-participants, this was limited to hospitalisations so did not include any 
illnesses that may have potentially influenced participation but not required hospitalisation. We 
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also lacked information on several factors that may influence participation in epidemiological 
studies, such as ethnicity, marital status and education [36, 40-42, 44], as well as information on 
topic-specific factors such as cancer stage, family history of CRC and cancer screening attendance. 
Not having this information limited our ability to determine what factors influenced participation 
in the study and to predict the likelihood of participation. None of the factors we investigated were 
strong predictors of participation, and this may be an explanation for the similar results obtained in 
the original and sensitivity analyses. Our ability to predict the missing exposure data is a further 
limitation. Although sex, comorbidity and socioeconomic status are all likely to be associated with 
the exposures investigated in the study, and we also included variables related to hospitalisations 
for various chronic diseases as we thought that these were likely to be associated with smoking, 
alcohol consumption, obesity and diabetes, it is possible that the data that were available for both 
the participants and non-participants  did not allow for good prediction of the missing exposure 
variables, particularly as we were imputing large blocks of missing data (i.e., unit missing data) 
rather than imputing a small number of variables (i.e., item missing data).  Finally, both of the 
sensitivity analyses rely on the assumption that the missing data are missing at random, however it 
is likely that people who did not participate were not a random subset of the source study 
population, so this assumption may not hold true.  Although we included several variables that 
were associated with missingness, it is possible that the variables we included in the weighting and 
imputation procedures may not have accounted for any systematic difference between the missing 
values and the observed values. If this is the case, the missing at random assumption may not have 
been plausible and the results from the weighted and imputed analyses may not be valid.  
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In conclusion, in this study we found that the factors associated with participation differed 
between cases and controls, but the results of two sensitivity analyses indicate that any possible 
selection bias generally may not have a large influence on the associations between various 
lifestyle-related exposures, socioeconomic status and CRC risk. 
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Table 1. Relative Risks for the Associations between Demographic and Medical Factors and Participation among Potential Cases 
and Controls in a Case-Control Study of Colorectal Cancer in Western Australia 
 Controls (n=2163) Cases (n=1536) 
 


















Sex         
Female 41.8 45.7 1.00  41.1 55.7 1.00  
Male 58.2 48.3 1.05 0.96, 1.15 58.9 61.4 1.11 1.02, 1.21 
Age         
40 to 49 years 10.0 35.6 1.00  7.2 53.6 1.00  
50 to 59 years 24.0 43.5 1.20 0.98, 1.47 23.7 62.9 1.11 0.93, 1.34 
60 to 69 years 31.3 53.4 1.48 1.22, 1.80 37.0 59.9 1.05 0.88, 1.26 
70 to 79 years 34.7 47.5 1.33 1.09, 1.62 32.2 57.5 1.02 0.85, 1.23 
  Ptrend-test    <0.01    0.42 
Socioeconomic Status         
1 (least disadvantaged) 30.0 49.3 1.00  27.7 65.2 1.00  
2 14.7 47.0 0.94 0.82, 1.08 16.4 56.7 0.87 0.76, 0.99 
3 25.0 50.2 1.01 0.91, 1.14 25.8 56.9 0.88 0.79, 0.98 
4 21.1 45.6 0.88 0.77, 1.01 20.2 57.2 0.90 0.79, 1.02 
5 (most disadvantaged) 9.2 36.2 0.71 0.58, 0.88 9.8 55.0 0.86 0.73, 1.01 
  Ptrend-test    <0.01    0.04 
Accessibility/Remoteness         
Highly accessible 85.1 46.9 1.00  84.5 59.1 1.00  
 25 
Accessible/ moderately accessible 10.9 51.3 1.19 1.04, 1.37 12.2 59.6 1.07 0.94, 1.23 
Very remote/remote 4.0 43.0 1.10 0.86, 1.42 3.3 56.0 1.02 0.80, 1.31 
  Ptrend-test    0.05    0.46 
Hospitalised at Time of Invitation?         
No 86.8 47.4 1.00  41.7 60.2 1.00  
Yes 13.2 46.2 0.97 0.85, 1.12 58.3 58.3 0.96 0.89, 1.05 
Hospitalised in Last Five Years?         
No 39.6 42.2 1.00  41.6 58.7 1.00  
Yes 60.4 50.5 1.25 1.13, 1.38 58.4 59.3 1.07 0.98, 1.17 
Charlson Comorbidity Index         
0 83.6 48.5 1.00  80.4 60.4 1.00  
1 6.8 42.6 0.78 0.64, 0.95 9.4 51.7 0.83 0.70, 0.99 
2 4.9 47.2 0.86 0.70, 1.06 5.8 57.3 0.98 0.82, 1.17 
3 or more 4.6 30.0 0.56 0.42, 0.77 4.4 52.2 0.84 0.66, 1.06 
 Ptrend-test    <0.01    0.10 
Grade
b 
        
1     15.0 62.2 1.00  
2     57.0 59.3 0.98 0.88, 1.10 
3     11.8 54.1 0.94 0.80, 1.11 
Unknown     16.3 58.8 1.01 0.87, 1.16 
Surgery Type
b 
        
Total/subtotal colectomy or 
proctocolectomy 
 
   
6.1 





   
8.9 
51.8 0.94 0.74, 1.20 
Low or high anterior resection or 
hemicolectomy 
 
   
67.8 
62.1 1.10 0.92, 1.33 
Limited excision/other excision     7.0 57.4 1.02 0.80, 1.31 
Other/unknown     10.1 48.4 0.87 0.68, 1.11 
Cancer Site
b 
        
Proximal colon     31.1 61.4 1.00  
Distal colon     29.9 56.0 0.93 0.83, 1.04 
Rectum     36.1 59.6 0.99 0.90, 1.10 
Unknown     3.0 58.7 1.00 0.78, 1.27 
Abbreviations: CI, Confidence Interval 
a All variables are mutually adjusted 
b Cases Only 
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Table 2. Associations between the Exposures Total Alcohol, Smoking, Diabetes and the 















ALCOHOL INTAKE 10 
YEARS AGO 
      
All Alcohol       
<1 standard drink/week 1.00  1.00  1.00  
1-7 standard drinks/week 1.09 0.83, 1.43 1.08 0.83, 1.42 1.05 0.82, 1.35 
7-21 standard drinks/week 1.09 0.83, 1.43 1.05 0.80, 1.38 1.08 0.85, 1.36 
21+ standard drinks/week 1.25 0.94, 1.67 1.21 0.90, 1.62 1.24 0.96, 1.61 
Ptrend  0.155  0.275  0.113 
Beer       
Less than 1 day/week 1.00  1.00  1.00  
1-4 days week 0.99 0.74, 1.31 0.94 0.70, 1.26 1.05 0.81, 1.36 
5-7 days/week 1.50 1.09, 2.07 1.46 1.06, 2.02 1.36 1.02, 1.80 
Ptrend  0.033  0.061  0.055 
Wine       
Less than 1 day/week 1.00  1.00  1.00  
1-4 days week 1.22 0.96, 1.55 1.21 0.95, 1.54 1.08 0.86, 1.34 
5-7 days/week 1.23 0.96, 1.58 1.25 0.97, 1.60 1.09 0.86, 1.39 
Ptrend  0.065  0.05  0.406 
TOBACCO USE       
Smoking Status       
Never smoker 1.00  1.00  1.00  
Former smoker 1.24 1.01, 1.53 1.22 0.99, 1.51 1.11 0.91, 1.35 
Current smoker 1.05 0.74, 1.48 1.01 0.71, 1.44 1.00 0.73, 1.38 
Lifetime Pack-Years       
0 1.00  1.00  1.00  
0.1 to 19.9 1.16 0.92, 1.46 1.14 0.90, 1.45 1.06 0.86, 1.32 
 28 
20 or more 1.26 1.00, 1.60 1.23 0.97, 1.56 1.12 0.89, 1.39 
Ptrend  0.049  0.090  0.327 
BODY MASS INDEX       
20 years of age       
Normal weight 1.00  1.00  1.00  
Overweight 1.25 0.92, 1.71 1.26 0.92, 1.73 1.17 0.89, 1.52 
Obese 0.89 0.44, 1.77 0.94 0.45, 1.95 1.00 0.54, 1.83 
Ptrend  0.401  0.336  0.412 
40 years of age       
Normal weight 1.00  1.00  1.00  
Overweight 0.95 0.75, 1.21 0.94 0.74, 1.20 0.98 0.81, 1.20 
Obese 1.19 0.80, 1.76 1.13 0.77, 1.67 1.06 0.78, 1.45 
Ptrend  0.675  0.823  0.843 
DIABETES       
Neither 1.00  1.00  1.00  
High Blood Sugar 1.15 0.76, 1.75 1.10 0.72, 1.69 1.03 0.72, 1.47 
Diabetes 1.73 1.27, 2.34 1.66 1.22, 2.25 1.37 1.08, 1.74 
Abbreviations: AOR, Adjusted Odds Ratio; CI, Confidence Interval 
a 
Adjusted for age-group, sex, socioeconomic status, energy intake, lifetime vigorous 
recreational physical activity, and all other exposures in the table 
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Socioeconomic status           
Group 1 (least disadvantaged) 1.00  1.00  1.00  1.00  1.00  
Group 2 1.05 0.79, 1.40 1.04 0.77, 1.39 1.17 0.87, 1.58 1.18 0.96, 1.46 1.17 0.95, 1.45 
Group 3 0.97 0.76, 1.24 0.94 0.73, 1.21 1.08 0.84, 1.38 1.15 0.96, 1.38 1.14 0.95, 1.37 
Group 4 1.01 0.77, 1.31 0.96 0.73, 1.26 0.96 0.73, 1.26 1.04 0.86, 1.26 1.02 0.84, 1.25 
Group 5 (most disadvantaged) 1.39 0.96, 2.01 1.32 0.90, 1.92 1.15 0.79, 1.68 1.18 0.92, 1.51 1.14 0.88, 1.48 
Ptrend  0.351  0.625  0.889  0.362  0.529 
Abbreviations: AOR, Adjusted Odds Ratio; CI, Confidence Interval; OR, Odds Ratio 
a
 Adjusted for age-group and sex only 
b 
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Online Resource 1. Exposure Characteristics of the Cases and Controls in a Case-
Control Study of Colorectal Cancer in Western Australia 
 Controls (n=972) Cases (n=872) 
Characteristic % % 
Sex   
Male 58.8 61.0 
Female 41.2 39.0 
Age (Years)   
40-49 7.5 6.4 
50-59 21.9 25.7 
60-69 34.8 36.7 
70-79 35.8 31.2 
Alcohol intake ten years ago   
<1 standard drink/week 27.5 25.0 
1-6.9 standard drinks/week 23.9 23.2 
7-20.9 standard drinks/week 26.9 25.9 
21+ standard drinks/week 21.8 25.9 
Beer   
Less than 1 day/week 77.1 72.6 
1-4 days week 14.2 14.1 
5-7 days/week 8.7 13.3 
Wine   
Less than 1 day/week 59.4 55.5 
1-4 days week 21.6 23.4 
5-7 days/week 19.0 21.1 
Smoking Status   
Never Smoker 46.0 40.3 
Former Smoker 44.8 50.6 
Current Smoker 9.3 9.2 
Pack-Years Smoked   
0 46.0 40.3 
 3 
0.1 to 19.9 27.1 27.9 
20 or more 27.0 31.9 
Diabetes and/or High Blood Sugar   
Neither 85.8 79.4 
High Blood Sugar 5.1 5.6 
Diabetes 9.2 14.9 
Energy Intake from food 10 years ago    
Mean kilojoules per day (SD) 8332 (2768) 8619 (2778) 
Body Mass Index  at 20 years of age   
Normal weight 83.3 78.9 
Overweight 14.4 18.7 
Obese 2.2 2.4 
Body Mass Index at 40 years of age   
Normal weight 58.4 53.1 
Overweight 32.3 34.1 
Obese 9.2 12.8 
Socioeconomic Status   
Group 1 (least disadvantaged) 31.3 30.6 
Group 2 15.0 15.3 
Group 3 26.9 25.2 
Group 4 20.2 19.7 
Group 5 (most disadvantaged) 6.7 9.2 
Lifetime Vigorous Physical Activity   
Low in all age periods 42.0 45.8 
High in one age period 28.1 27.4 
High in two age periods 16.4 15.9 
High in all age periods 13.4 10.9 
Abbreviations: SD, Standard Deviation 
 
 
